[Improving β-carotene production in Escherichia coli by metabolic engineering of glycerol utilization pathway].
Glycerol is a byproduct during biodiesel production. It is an important feedstock for fermentation due to its low price and high reduced status. Multiple genes of the glycerol utilization pathway were modulated in a previously engineered high β-carotene producing Escherichia coli strain CAR015 to enhance glycerol utilization capability for improving isoprenoids production. The glpR gene, encoding glycerol 3-phosphate repressor, was firstly deleted. The glpFK, glpD and tpiA genes were then modulated by three artificial regulatory parts, M1-37, M1-46 and M1-93, respectively. β-carotene titer reached 64.82 mg/L after modulating glpD with M1-46, which was 4.86 times higher than that of CAR015, and glycerol consumption rate also increased 100%. Modulating tpiA led to a little increase of β-carotene titer, whereas modulating glpFK led to a little decrease of β-carotene titer. This demonstrated that GlpD was a rate-limiting step in glycerol utilization pathway. Q-PCR of glpF, glpK, glpD and tpiA results showed that decrease the transcription level of glpF, glpK, glpD, or decrease the transcription level of tpiA could increase the cell growth and β-carotene production, probably for the decrease of methylglyoxal toxicity. Modulating glpD and tpiA genes in combination resulted in the best strain Gly003, which produced 72.45 mg/L β-carotene with a yield of 18.65 mg/g dry cell weight. The titer was 5.23 and yield 1.99 times of that of the parent strain CAR015. Our work suggested that appropriate activation of glpD and tpiA genes in glycerol utilization pathway could effectively improve β-carotene production. This strategy can be used for production of other terpenoids in E. coli.